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ABS TRACT 
I n t e r e s t  i n  developing l a r g e  wind-electric generating systems i n  the  
United S ta tes  was stimulated primarily by one man, Palmer C.  Putnam. He 
-was responsible fo r  the construct ion of the l a r g e s t  wind-power system ever 
b u i l t  - the  1250 ki lowatt  Smith-Putnam wind-electric p lan t .  The exis tence 
of t h i s  system prompted the  U .S , Federal Power Commission to  i nves t i ga t e  
the po ten t i a l  of using the  winds as a source energy. Also,  i n  1933 pr ior  
t o  Putnam's e f f o r t ,  there  was an abor t ive  attempt by J. D .  Madaras t o  de- 
velop a wind system based on the  Magnus e f f e c t .  These t h r ee  p ro j ec t s  com- 
p r i s e  the  only. se r ious  e f f o r t s  i n  America t o  develop l a rge  wind dr iven  
p lan ts .  In  t h i s  paper the h i s to ry  of each pro jec t  is b r i e f l y  described. 
Also discussed are some of t h e  reasons why wind energy was no t  se r ious ly  
consider2d a s  a major source of energy f o r  the U.S. 
INTRODUCTION 
To those of us who a r e  newcomers to  the  f i e l d  of windpower, t h e  prob- 
l e m  has been one of learning about t h e  pas t  developments so a s  t o  bu i ld  
upon t h e  work of the  e a r l i e r  pioneers.  This has not been e a s y ,  pr imari ly  
because much of the good engineering, operat ing,  and test da ta ,  and exper- 
ience that has been developed was not  always published in t h e  more r e a d i l y  
ava i l ab l e  s c i e n t i f i c  a d  engineering journals .  Sometimes t he  r e s u l  ts 
were not published a t  a l l .  Fortunately,  many exce l len t  r e s u l t s  a r e  ava i l -  
ab le ,  but tnere  a r e  g rea t  gaps i n  our knowledge a t  t h e  present time which 
hopefully w i l l  b e  f i l l e d  i n  the  fu ture .  
In  1 9 7 3 , t h e  National Science Foundation and NASA's Lewis Research 
Center sponsored and hosted the  f i r s t  conference on wind energy ( r e f .  1) 
i n  more than a decade. One of the  ob j ec t ives  of t h a t  conference was t o  
br ing together a s  many persons a s  possible  who were knowledgeable about 
the  work t h a t  has gone on i n  the pas t .  It appears t h a t  a l l  s e r ious  
e f f o r t s  t o  develop coet  competit ive wind energy s y s t ~ m s  ceased e a r l y  i n  
the 1960's except fo r  t h e  200 kW Gedser m i l l  p ro jec t  i n  Denmark and the  
HUtter 100 kW pro jec t  i n  Germany. Many of t he  e a r l y  pioneers have long 
s jnce  passed away o r  have gone o f f  i n t o  other  a c t i v i t i e s ,  and could not  
be located.  A s  a r e s u l t ,  there  s t i l l  e x i s t s  l a r g e  gaps i n  our knowledge 
about i q o r t a n t  pas t  e f f o r t s .  But the  s i t u a t i o n  is changing. 
In recent  years there  has been a growing awareness everywhere t h a t  
the  fu tu re  energy needs a r e  not going t o  be met only by f o s s i l  d nu- 
c l e a r  f u e l s  and hydropower. Growing with t h i s  awareness is the  i n t e r e s t  
i n  developing a l t e r n a t i v e  energy sources such a s  severa l  forms of so l a r  
energy, t he  wind being one of them. Much publ ic i ty  has been given t o  
the  various e f f o r t s  t h a t  a r e  being devoted t o  developing these a l t e rna -  
t i v e  energy sources.  
One r e s u l t  of the  o i l  shortages and the  growing concern fo r  t he  
fu tu re  energy sources has been the  coming together of persons from many 
nat ions t o  share information and t o  seek so lu t ions .  The 1974 meeting i n  
Stockholm is  one such gathering, a d  hopefully one outcome w i l l  be a 
c l ea re r  and b e t t e r  understanding of pas t  developments i n  wind power. 
One sess ion  i n  the Stockholm meeting is  devoted t o  the  review of 
past work i n  the  developments of wind energy conversion systems with a 
represen ta t ive  from each of severa l  na t ions  giving a b r i e f  summary of t he  
a c t i v i t i e s  t h a t  have taken place i n  h i s  country. I was asked t o  make a 
presentat ion on the  important work that had gone on i n  the  United S t a t e s  
and this paper is the r e s u l t i n g  summary of the  at tempts  t o  develop l a rge  
wind-electric systems i n  t he  U.S. F o r t u r ~ t e l y ,  most of t he  wind power 
a c t i v i t i e s  i n  the  U.S. have been w e l l  documented. A s  a r e s u l t ,  t he re  is  
nothing new i n  t h i s  paper t h a t  has not been b e t t e r  presented elsewhere, 
and i£ i t  helps guide some in te res ted  persons t o  t he  o r i g i n a l  works, 
which may not be easy t o  ge t ,  then i t  w i l l  have been usefu l .  
MAJOR WIm-ELECTRIC PROJECTS I N  THE U.S.A. 
Whatever has been accomplished i n  the U.S. i n  an e f f o r t  t o  develop 
the  w i n d  a s  an important source of power can be c red i ted  l a r g e l y  t o  t h e  
imagination and t a l e n t s  of one man - Palmer C.  Putnam. It was due t o  h i s  
enthusiasm and d r ive  t h a t  the  l a r g e s t  wind-generator i n  t he  world was 
ever b u i l t ,  and then under some of t he  most d i f f i c u l t  condi t ions possible ,  
namely World War 11. 
Up u n t i l  Palmer Putnam came on the  scene, t he  main e f f o r t s  t o  develop 
wind power machines had taken place i n  t he  small s i z e  (unde;, 5 kW) ma- 
chines. These were general ly  th rea  bladed propel ler  types f o r  generat ing 
e l e c t r i c i t y  o r  multibladed (up t o  20 blades) fo r  pumping water. Through 
the  decades of the  1920's , 3 0 f s ,  and 40 's  thousands of wind-power machines 
were used t o  pump water and generate e l e c t r i c  power on U.S ,  farms. There 
were a number of companies t h a t  were manufacturing small wind p l an t s  ( t he  
Wind-Electric Co. of Minneapolis, Minn. and the  Wind Charger Co. of 
Sioux City,  Iowa a r e  two of the b e t t e r  known companies), whereas only a 
few e x i s t  today. The c r ea t ion  of the  Rural E l e c t r i f i c a t i o n  Administration 
(REA) i n  1936 was the  beginning of the  end of the  use of t he  wind a s  a 
source of energy. 
One objec t ive  of the  REA was t o  br ing e l e c t r i c a l  power from l a rge  
dams and f o s s i l  f ue l  p l an t s  t o  t he  American farmers, thereby undercut t ing 
t h e  i n t e r e s t  i n  developing winddr iven  power systems so t h a t  today only 
a few small  companies remain t h a t  s t i l l  manufacture wind-generators or  
wind-water pumpers. - 
THE J .  D. MADARAS PROJECT 
There does no t  seem t o  have been any i n t e r e s t  i n  developing l a r g e  
s i z e  wind p l a n t s  u n t i l  t h e  e a r l y  1930's  when J.  D.  Madaras ( r e f .  2) t r i e d  
t o  develop a wind-powered machine that u t i l i z e d  t h e  Magnus e f f e c t  
f i g .  1 a ) . The Magnus e f f e c t  is t h e  t h r u s t  t h a t  is c rea ted  by a spin-  
n ing cy l inder  (or  sphere) i n  a n  air  stream. The most f a m i l i a r  manifesta-  
t i o n  of t h e  Magnus e f f e c t  is t h e  "curve b a l l "  that is thrown by a p i t c h e r  
i n  a baseba l l  game. Madaras proposed a system c o n s i s t i n g  of a t r a i n  of 
f l a t  c a r s  on a c i r c u l a r  r a i l r o a d  t r a c k  3000 f e e t  i n  diameter ( f i g .  l ( b ) ) .  
On each f l a t  c a r  w u l d  be a spinning c y l i n d e r ,  28 f e e t  i n  d i a m e t e r ,  
90 f e e t  high, and weighing 15 t o  40 tons .  Each cy l inder  was t o  be d r i v e n  
by a n  e l e c t r i c  motor. A component of t h e  Magnus t h r u s t  would be p a r a l l e l  
t o  t h e  t r a c k  and w u l d  propel  each f l a t  c a r  along t h e  crack.  E l e c t r i c a l  
genera to rs  were t o  be connected to  the  a x l e s  of the  f l a t  c a r s  and the  
power generated was t o  be  taken o f f  by a n  overhead t r o l l e y  wire. For 
such a system, it is necessary t o  raerse  t h e  r o t a t i o n  of t h e  spinning 
c y l i n d e r s  twice per t r i p  around the  t r a c k  t o  keep t h e  t h r u s t  d r i v i n g  t h e  
c a r s  i n  t h e  same d i r e c t i o n .  
This system was never b u i l t .  However, a n  experimental  f u l l - s i z e  
r o t o r  was b u i l t  a t  West Burl ington,  N . J . ,  on a s t a t i o n a r y  concre te  base  
and t e s t e d  i n  October 1933. Under favorab le  wind cond i t ions  and a t  tan-  
g e n t i a l  speeds of 50 mph of t h e  c y l i n d e r  s u r f a c e ,  a t r a n s l a t i o n  f o r c e  of 
8000 pounds a t  r i g h t  angles  t o  t h e  wind was produced ( r e f .  3 ) .  This  ex- 
periment is a s  f a r  as t h e  Madaras concept w a s  ever developed. I n  f a c t  , 
t h e r e  does not seem t o  have been developed any o ther  nonpropeller  type 
concept i n  t h e  U.  S. 
THE SMITH-PUTNAM PROJECT 
The next s e r i o u s  a t tempt  t o  develop l a r g e  s c a l e  wind p l a n t s  i n  t h e  
U.S. was t h a t  of Palmer C.  Putnam. (His book, r e f .  4 ,  i s  one of t h e  b e s t  
documented e f f o r t s  t o  develop l a r g e  wind p l a n t s  a v a i l a b l e .  I n  l i g h t  of 
t h e  renewed i n t e r e s t  i n  wind power, t h e  book, long ou t  of p r i n t ,  has been 
repr in ted . )  The account t h a t  follows is l a r g e l y  t h a t  given i n  h i s  book. 
Putnam t r a c e s  t h e  beginning of h i s  i n t e r e s t  i n  wind power t o  1934 on 
Cape Cod where he found t h a t  both t h e  e l e c t r i c i t y  r a t e s  and t h e  winds 
were high. It seemed t o  him t h a t  t h e  wind's energy ought t o  be  usab le  as 
a source  of e l e c t r i c a l  energy thst would be less expensive than t h e  
energy he  was g e t t i n g  from t h e  power company. He envisioned a wind- 
generator system t h a t  would supply h i s  home on Cape Cod with  e l e c t r i c a l  
energy when t h e  wind was blowing wi th  t h e  u t i l i t y  company supplying back- 
up power when t h e  wind stopped blowing. When Putnam c a l c u l a t e d  what s i z e  
wind-generator p lan t  he would need f o r  h i s  a l l - e l e c t r i c  home, he found 
t h a t  i t  would have. t o  be much l a r g e r  than any of t h e  systems t h a t  were 
commercially ava i lab le .  This caused him t o  delve deeper i n to  t he  problem 
of how to  ex t r ac t  e l e c t r i c a l  energy from the  wind using the  most e f f  i- 
c i e n t  method for  t he  l e a s t  coo!: per kilowatt-hour. A study of the var i -  
ous methods and designs t h a t  were ava i l ab l e  ( a l l  European) led Putnam t o  
the conclusion t h a t  a so lu t ion ,  i f  i t  ex is ted ,  to  the  problem was i n  a 
very l a rge  two-bladed propel ler  type wind-generator that would supply a l -  
t e rna t ing  cur ren t  i n t o  the  network of an  ex i s t i ng  hydro system or  f o s s i l -  
steam generating system. The ex i s t i ng  hydro o r  f o s s i l  system would func- 
t i on  as a back-up system when the  vind stopped blowing. 
Having concluded t h a t  the most promising concept was a l a rge  two- 
bladed propel ler  type r o t o r  t h a t  powered a n  a.c. generator,  Putnam pro- 
ceeded t o  develop a preliminary design and made some cos t  ca l cu l a t i ons .  
He showed his design and c o s t s  t o  t he  Dean of Engineering a t  MIT,  D r .  
P. Bush, who reacted qu i t e  favorably; t h i s  was i n  1937. Bush introduced 
i iltnam t o  a v i ce  president  of General E l e c t r i c  Company, Mr. T. Knight, 
who l ikewise was favorably impressed. kom t h i s  point  on Putnam was a b l e  
t o  e n l i s t  t he  se rv ices  of some very ta ien ted  people which included 
Theodore von Karman, a world famous au tho r i t y  on aerodynamics, t o  a s s i s t  
in the design, parametric s tud i e s ,  c o s t  ana lyses ,  s i te  se l ec t i on ,  and 
determination of wind cha rac t e r i s t i c s .  
Putnam, with the help of i n f l u e n t i a l  persons, was a b l e  t o  i n t e r e s t  
the  S. Morgan Smith Company of York, Pennsylvania t o  fund the  pro jec t  and 
t o  become the  prime contractor  i n  the  manufacture of the  f i r s t  experi-  
mental wind-generator system. The Smith Company was a manufacturer of 
hydraulic turbines  f o r  use i n  hydroe lec t r ic  p lan ts  and was i n t e r e s t ed  i n  
d ivers i fy ing  i ts  product l i n e  because t h e  number of s i t e e  on which hydro- 
e l e c t r i c  p lan ts  could be b u i l t  was decreasing. Hence, t he  S. Morgan 
Smith Co. agreed t o  take on the  pro jec t  . 
The Central  Vermont Public Service Company of Rutland, Vermont 
agreed t o  p a r t i c i p a t e  i n  t he  pro jec t  by supplying t h e  s i t e ,  and allowing 
the  wind-generator t o  be t i e d  i n t o  i t s  network. Cent ra l  Vermont had no 
peaking capaci ty  and had t o  buy power from other  sources t o  meet its peak 
loads.  Central  Vermont agreed t o  p a r t i c i p a t e  because it wa8 in t e r e s t ed  
i n  t h e  po t en t i a l  use of wind-electric p l an t s  a s  supplementary power t o  
its hydroe lec t r ic  power system and t o  save water so t h a t  t h e  system could 
meet t h e  peak load demand. I n  October 1939, t h e  dec is ion  was made t o  pro- 
ceed with t he  pro jec t ,  and two years  later on October 19, 1941 t h e  
1250 kW Smith-Putnam wind-generator for  the  f i r s t  time supplied e l e c t r i c  
power i n to  t he  d e c t r i c a l  network of Central  Vermont Public Service Co. 
It should be pointed out t o  those who have not read Putncnn's book t h a t  
a great d e a l  of t i m e  and manpower was spent i n  a study t o  determine the  
cos t  optimum system concept, and s i ze .  The result of a l l  t he  study ef-  
f o r t s  w a s  the  now famous Smith-Putnam wind-generator system, which is 
shown and described i n  f i gu re  2. Some photos never before published of 
t he  system during various s tages  of construct ion are a l s o  included i n  
f i gu re  3 a s  a matter of i n t e r e s t ,  courtesy of Dr. John B. Wilbur, Chief 
engineer on the  pro jec t .  
ihe  Smith-Putnam machine ran and was t e s t ed  of f  and on during the  
period from October 1941 t o  March 1945 f o r  a t o t a l  of 1100 hours.  It ex- 
per ienced the  usua l  problems t h a t  are inheren t  i n  any l a r g e  f i r s t - o f  -a- 
kind experimental  system. Wartime condi t ions  added t o  t h e  problems be- 
cause  i t  w a s  very d i f f i c u l t  t o  g e t  replacement p a r t s  and many of t h e  mem- 
b e r s  of t h e  p r o j e c t  group were busy i n  t h e  w a r  e f f o r t  and were s c a t t e r e d  
a l l  over t h e  country.  A s  a r e s u l t ,  t h e  wind-gemrator was id led  dur ing 
most of t h e  test period.  
The i d l e  per iods  were f r u i t f u l l y  used t o  make changes and r e f i n e -  
ments on  t h e  system t h a t  were a d i r e c t  r e s u l t  of t h e  tests. I n  a d d i t i o n  
work continued on c o s t i n g  s t u d i e s  and on plans  f o r  a follow-on s impl i f i ed  
machine and a prel iminary des ign  of a preproduction model. 
It is not  t h e  purpose of t h i s  paper t o  go i n t o  t h e  d e t a i l s  of t h e  
opera t ing  and test experience.  These are covered i n  d e t a i l  i n  Putnamts 
b+k. Bather, t h e  purpose is t o  b r i e f l y  t r a c e  t h e  h i s t o r y .  A s  i s  w e l l  
known, t h e  wind-generator experienced a s e r i o u s  malfunction,  One o f  t h e  
r o t o r  b lades  broke o f f  i n  March 1945 a t  a p lace  where the  blad: r o o t  
s t r u c t u r e  was known t o  be overs t ressed .  In  f a c t ,  according t o  D r .  John 
Wilbur, t h e  ch ie f  engineer on t h e  p r o j e c t ,  i t  had been planned t o  termi- 
n a t e  t h e  tests s h o r t l y  t h e r e a f t e r  ( r e f .  5) simply because t h e r e  was a 
g r e a t  apprehension about how much longer  t h e  blade would s t a y  on. 
The b lade  f a i l u r e  i t s e l f  was n o t  t h e  reason t h e  p r o j e c t  was eventu- 
a l l y  abandoned - it was t h e  economics t h a t  ended i t .  A coroplete review 
of t h e  p r o j e c t  w a s  planned t o  t a k e  p lace  i n  1945, Enough d a t a  and exper- 
ience had been gained t o  permit t h e  engineers  t o  des ign  a b e t t e r ,  s impli-  
f i ed  ve rs ion  of t h e  o r i g i n a l  test u n i t  and t o  make more a c c u r a t e  c o s t  
estimates. The r e s u l t s  of t h e  review showed t h a t  a block of s i x  s impl i -  
f i e d  u n i t s  would have c o s t  $190/kW whereas t h e  worth of those  s i x  u n i t s  
t o  t h e  Cen t ra l  Vermnt  Publ ic  Serv ice  Co. w a s  about $125/kW. There were 
a number o f  suggest ions  that could be  t r i e d  t o  reduce t h e  c o s t s .  It 
would have c o s t  the  S. Morgan Smith Co. s e v e r a l  hundred thousand d o l l a r s  
more t o  test t h e s e  c o s t  reducing sugges t ions ,  and t h e r e  w a s  no guarantee 
t h a t  they would have succeeded. The company had a l r e a d y  spen t  over a 
m i l l i o n  and a quar te r  d o l l a r s  and i t s  d i r e c t o r s  decided it would no t  be 
wise t o  spend any more. Thus i n  November 1945, t h e  d e c i s i o n  was made t o  
abandon t h e  p r o j e c t  . 
It is genera l ly  agreed that t h e  Smith-Putnarn wind-generator system 
was a t e c h n i c a l  success .  Palmer Putnam proved t h a t  systems as l a r g e  ab 
h i s  could be b u i l t  and operated and f o r  t h e  want of a few hundred thousand 
d o l l a r s  more, he might a l s o  have proved t h a t  such l a r g e  systeme could be 
economically success fu l .  
Percy H. Thomas was an  engineer who was employed by the  U.S. Federal 
Power Commission (FPC) u n t i l  h i s  re t i rement  i n  1949. He was responsible  
for  what are probably t he  only e f f o r t s  made, p r i o r  t o  1972, by the  U.S. 
Government t o  develop l a r g e  wind-electr ic p lan ts  as an important source 
of power. The pro jec t  went as f a r  a s  t he  preliminary design stage, but 
d id  not continue to  t he  f ab r i ca t i on  and t e s t i n g  s t age  for  the want of 
fund ing . 
The Central  Vermont Public Service Co. included i n  i ts annual report  
t o  t h e  FPC, probably i n  1942, the  use of t he  Smith-Putnam wind-electric 
plant  as a pa r t  of i t s  system of operation. The FPC then under a mpndate 
from i ts  cha r t e r  The Federal Power Act undertook a study t o  determine t h e  
po t en t i a l  of t h e  wind as a source of energy. This study was conducted by 
.Percy H. Thorns and the  r e s u l t s  were published i n  four FPC monographs 
(refs .  6 t o  9). Thomas' ob jec t ives  i n  t h i s  s c d y  were t o  determine t h e  
character  of the  wind as a source of energy, and t o  determine the  feas i -  
b i l i t y  of  uslng wind power i n  connection with e x i s t i n g  power s y s t e m  - 
namely hydro and s t e a m  e l e c t r i c  plants .  
To meet h i s  ob jec t ives ,  Thomas: 
(1) Studied ca re fu l ly  ex i s t i ng  wind da ta  on record with t h e  U.S. 
Weather Bureau 
(2) Developed a preliminary design of a workable wind-electric p lan t  
t h a t  would be s u i t a b l e  f o r  use i n  ex i s t i ng  e l e c t r i c a l  networks 
t o  determine the  p lan t  performance and c o s t s ,  and thereby de te r -  
mine t he  economic and operat ing f e a s i b i l i t y  of wind-electric sys- 
t ems 
(3) Examined i n  some d e t a i l  how wind-electric planrs  could be prac- 
t i c a l l y  u t i l i z e d  i n  e x i s t i n g  network of hydroelectr ic  and s t e a m -  
e l e c t r i c  plants .  
A s  with the  discussion above of t h e  Smith-Putnam pro jec t ,  i t  is not  
t h e  purpose of t h i s  paper t o  present i n  d e t a i l  what is already w e l l  cov- 
ered i n  t h e  monographs. Rather, i t  is the  purpose t o  touch l i g h t l y  on 
some, but m t  al l ,  of t he  important and i n t e r e s t i n g  r e s u l t s  of Thomas' 
work. 
Thomas f i r s t  took on the  t a sk  of determining the nature  of t h e  wind. 
* 
In t r ac ing  the h i s to ry  of the  Thomas e f f o r t  t o  develop p r a c t i c a l  
wind-electric systems, I had t o  r e l y  exclusively on t h e  four  FPC mono- 
graphs ( r e f s .  6 t o  9) and on the  Hearing before  The U.S. House of Repre- 
sen ta t ives '  Comaittee on I n t e r i o r  and Insu la r  Affa i r s ,  Sept. 19, 1 O ~ 1  
( re f .  10). No other  documents, memoranda, o r  knowledgeable persotm could 
be  found t o  provide a more complete and accurate  account. Perhaps t h i s  
paper w i l l  somehow r e s u l t  i n  more information being uncovered, so t h a t  
t h e  complete s t o r y  w i l l  be known. 
He wanted t o  l e a r n  how much r e l i a n c e  could be placed on the  winds,  which 
winds were t h e  most u s e f u l ,  where t h e  u s e f u l  winds could be found, and 
how t h e  winds might be used t o  d e r i v e  a n  adequate amount o f  power. The 
U.S. Veather Bureau had on record hourly averages  o f  wind speed f o r  hun- 
dreds  of l o c a t i o n s  f o r  per iods  over 30 years ,  and a l s o  ins tantaneous  read-  
ings  taken four  times each day a t  s i x  hour i n t e r v a l s .  He s e l e c t e d  t h e  
d a t a  from 50 of t h e  mst r e p r e s e n t a t i v e  s t a t i o n s  i n  the  country  f o r  a 
period of 31 years .  
A study of t h i s  l a r g e  amount of d a t a  revealed a number of important 
f a c t s  about t h e  behavior of t h e  wind a s  r e l a t e d  to  t h e  use of wind energy.  
F i r s t ,  Thomas learned that over long per iods  o f  t i m e  t h e  wind is  ~ u r p r i s -  
ingly c o n s i s t e n t  and dependable even though it is q u i t e  v a r i a b l e  on an 
hourly and d a i l y  time s c a l e .  For example, t h e  monthly average wind speed 
a t  a l o c a t i o n  r a r e l y  drops  below 50 percent  of t h e  y e a r l y  average and 
t h a t  i n  a g r e a t  major i ty  o f  t h e  c a s e s  t h e  monthly averages  were wi th in  
1 0  o r  1 percent of t h e  year ly  average.  The year ly  average wind speed 
seldom drops below 1 0  o r  1 5  percent  o f  t h e  long t i m e  average.  
Thomas was a l s o  i n t e r e s t e d  i n  whether t h e  d i v e r s i t y  i n  t h e  winds 
from l o c a t i o n  t o  l o c a t i o n  over a l a r g e  geographical  a r e a  would r e s u l t  i n  
a minimum amount of power i n  an in terconnected g r id  covering t h e  a r e a .  
H e  analyzed 5000 p ieces  o f  d a t a  f o r  20 s t a t i o n s  i n  1945 (and 25,000 d a t a  
po in t s  i n  t h e  1950's)  spread over a l a r g e  p a r t  of t h e  e a s t e r n  h a l f  of t h e  
U.S .  , and t e n t a t i v e l y  concluded from t h i s  l i m i t e d  s tudy t h a t  a c e r t a i n  
minimum f i rm capac i ty ,  c a l l e d  " d i v e r s i t y  c a p a c i t y  ," may always be a v a i l -  
a b l e  because of t h e  v a r i a t i o n s  i n  t h e  wind over a l a r g e  geographical  a r e a .  
To determine t h e  economic and opera t ing  f e a s i b i l i t y  of us ing  wind 
energy in an e x i s t i n g  u t i l i t y ,  Thomas f e l t  i t  was e s s e n t i a l  t o  develop a 
des ign  of a workable wind-electric p l a n t  us ing the  e x i s t i n g  technology of 
t h e  time. I n  f i g u r e  4 is shown t h e  6500 kW concept and a s h o r t  desc r ip -  
t i o n  of t h e  e s s e n t i a l  f e a t u r e s  including t h e  c a p i t a l  c o s t s .  A similar 
7500 kW u n i t  was a l s o  designed by Thomas, A complete d e s c r i p t i o n  of t h e  
two designs  is  given i n  re fe rences  6 and 7 .  It is i n t e r e s t i n g  t o  no te  
t h e  d i f f e r e n c e  between Thomas' c o s t  f i g u r e s  and those  of t h e  S. Morgan 
Smith Co. mentioned above. Thomas' f i g u r e s  o f  $68/kW f o r  t h e  6500 kW 
u n i t  and $75/kW f o r  t h e  7500 kW u n i t  are considerably  lower than t h e  
$191/kW the  Smith Co. c a l c u l a t e d ,  The $191/kW c o s t  was based on a c t u a l  
exper iences  w i t h  t h e  1250 kW machine and t h e  $68 and $75/kW were n o t .  It 
would have been most u s e f u l  i f  t h e  Thomas p lan t  had been b u i l t  t o  check 
t h e  accuracy o f  h i s  f i g u r e s  . 
When Thomas s tud ied  t h e  ways wind der ived e l e c t r i c i t y  could b e s t  be 
used , he concluded t h a t  connecting t h e  wind-elect r ic  p l a n t s  on to  e x i s t i n g  
networks t o  be t h e  most p r a c t i c a l  method f o r  u t i l i z i n g  wind energy. He 
exp la ins  i n  t h e  mnograph ( ref  8 .  6 and 9) how a n  e x i s t i n g  h y d r o e l e c t r i c  
(or s team-elect r ic)  system would be used t o  f i r m  up t h e  wind-elect r ic  
p lan t s .  It w a s  envisioned t h a t  t h e  hydro p l a n t  would supply t h e  d i f f e r -  
ence between t h e  load demand and t h e  power suppl ied by t h e  wind-elect r ic  , ; p l a n t s .  He d i d  not  a n t i c i p a t e  any unusual problems i n  opera t ing  a com- , 
binat ion of wind and hydro o r  steam p lan ts .  Because the  wind-electric 
p lan ts  a lone could not supply power on demand, t he  wind was only con- 
sidered t o  be a secondary power source, but a valuable secondary source. 
In e f f e c t ,  the  wind and hydro toge ther  would provide a system with a 
higher base-load poss ib le  than from the  hydro alone,  Also, because the  
periods of low wind a r e  only days i n  length,  sites t h a t  normally would 
not be used fo r  hydroelectr ic  p l an t s  could possibly be used a s  hydro 
s torage p lan ts  to f i rm up a system of wind p lan ts .  
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Thus, a s  a r e s u l t  of t h i s  study, using wind-energy i n  conjunction 
hydro and steam e l e c t r i c  p lan ts  and u t i l i z i n g  the  "d ivers i ty  capac- 
of the  wind, Thomas was convinced t h a t  the wind could be used t o  
supply up t o  20 percent of t he  country 's  e l e c t r i c  power i f  a l l  the  g r id s  
were interconnected. He s t rongly  recommended i n  1945 t h a t  a program be 
undertaken t o  demonstrate the use of wind-electric systems. 
What events had t ranspired between 1945 and 1951 when the  Hearing 
( re f .  10) w a s  held is unknown a t  t h i s  time. It is  conjectured from the 
reading of t he  t r ansc r ip t  of the  Hearing tha t  t he  FPC and the Department 
of t he  I n t e r i o r  agreed t o  work together  i n  the construct ion,  t e s t i ng ,  and 
operation of a n  experimental 7500 kW wind-electric plant  i n  connection 
with a hydroelectr ic  g r id ,  The purpose of the experiment w a s  to de t e r -  
mine the  engineering and economic f e a s i b i l i t y  , and to  conduct research 
and development s t c  . i e s  to  determine the  bes t  p lan t  sites, designs , and 
operating conditions.  The proposed experiment was en thus i a s t i ca l l y  pro- 
moted by the  FPC and t h e  Department of  the  I n t e r i o r  and received enthusi- 
astic support of many of the  committee members. But , t h a t  is where i t  
ended. It appears t h a t  no a c t i o n  was taken by the  committee o r  t he  House 
of Representatives,  Thomas' 1954 monograph ( r e f .  9) makes no mention of 
the  proposed experiment or t he  at tempts  to get  i t  going. Un t i l  more re- 
search is done to  f ind records,  t he  de t a i l ed  h i s to ry  of the  7500 kW proj- 
e c t  w i l l  remain unknown. It has been conjectured by some people t h a t  t he  
outbreak of the  Korean War i n  1951 probably was t he  i nd i r ec t  reason why 
the  request f o r  au thor iza t ion  and funds for  t he  experiment was never fu l -  
f i l l e d .  And so, with the end of the Thomas e f f o r t s ,  a l so  ended a n  e r a  of 
America's i n t e r e s t  i n  developing l a r g e  wind-electric systems f o r  more 
than about 15 years. 
WAR BOARD REPORT 
One other  cont r ibu t ion  should be mentioned a s  an outcome of the  ef- 
f o r t s  i n  the  19401s, and t h a t  is the  War Board Report ( r e f .  11) .  This 
document which is not read i ly  ava i l ab l e  contains  de t a i l ed  technica l  mate- 
r i a l  on nuny a spec t s  of wind-generator design. For example, it is one 
of t h e  few references ava i l ab l e  t ha t  contains  the  r e s u l t s  of systematic 
wind tunnel tests of d i f f e r e n t  r o t o r  designs. A s  a r e s u l t ,  t h e  War Board 
Report is a valuable reference to  anyone who is  a c t i v e l y  working to  de- 
velop r e l i a b l e  and cos t -e f fec t ive  wind-electric p lan ts .  
REASONS FOR DISCONTINUING MAJOR U.S, WIND-ELECTRLC PROJECTS 
The reason t h e  development of t h e  wind as an important source  of 
energy i n  t h e  U.S. was not  s e r i o u s l y  pursued any f u r t h e r  w a s  probably 
due t o  s e v e r a l  f a c t o r s .  F i r s t ,  t h e  wind was of i t s e l f  a n  undependable 
energy source  that needed some o ther  system such a s  h y d r o e l e c t r i c  o r  
f o s s i l  f u e l  p l a n t  as a backup, because t h e r e  e x i s t e d  no s u i t a b l e  energy 
s t o r a g e  method. I n  such a case ,  t h e  wind-elect r ic  p l a n t  would be a f u e l  
saver  and as such would be competing wi th  t h e  c o s t  of f o s s i l  f u e l  (namely 
coa l )  which w a s  very low, and c o a l  was abundant. Thus, t h e  abundance of 
low c o s t  f o s s i l  f u e l  and t h e  absence of environment r e s t r i c t i o n s  which 
e x i s t  today made i t  poss ib le  t o  bu i ld  l a r g e  s team-elect r ic  r l a n t s  f o r  low 
c a p i t a l  c o s t s .  
Secondly, atomic power was being developed and i n  t h e  1950's  and 
1960'8,  i t  appeared that atomic power p l a n t s  would be  t h e  u l t i m a t e  c l e a n  
and inexhaus t ib le  source  o f  energy. 
Hence, t h e  i n c e n t i v e s  t o  develop wind-power were very low when such 
a t t r a c t i v e  op t ions  were a v a i l a b l e ,  and a l l  e f f o r t s  t o  develop wind energy 
ended u n t i l  t h e  1970's when renewed i n t e r e s t  developed. 
CONCLUDING REMARKS 
America's i n t e r e s t  i n  l a r g e  wind-elect r ic  systems was comparatively 
b r i e f ,  narrow i n  scope, bu t  h ighly  productive.  Its c o n t r i b u t i o n s  t o  
wind-power technology were s i g n i f i c a n t ,  and of t h e  many c o n t r i b u t i o n s ,  
probably t h e  most valuable  was t h e  demonstration that l a r g e  s i z e  u n i t s  
could be s u c c e s s f u l l y  b u i l t  and operated,  and f o r  c o s t s  which were l e s s  
than a f a c t o r  of two too  high on t h e  T i r ~ t  generat ion production machines. 
These c o s t  f i g u r e s ,  even though high,  a r e  never t h e  less impressive.  
What has  been missing i n  t h e  p a s t  e f f o r t s  t o  develop c o s t  e f f e c t i v e  
l a r g e  wind-electric p l a n t s  has been t h e  sus ta ined  e f f o r t  t h a t  is needed 
t o  c a r r y  on t h e  resea rch  and development t o  t h e  point  where enough was 
learned about t h e  systems performance and c o s t s  t o  determine a c c u r a t e l y  
t h e  economic f e a s i b i l i t y  o f  wind-power . 
I n  1973, t h e  National Science Foundation was given t h e  r e s p o n s i b i l i t y  
f o r  planning and execut ing a sus ta ined  program whose o b j e c t i v e  is  t o  de- 
velop t h e  technology that is needed t o  bu i ld  r e l i a b l e  and c o s t  e f f e c t i v e  
wind energy conversion systems that have t h e  p o t e n t i a l  f o r  e a r l y  and r a p i d  
commercial implementation. The NASA Lewis Research Center and o t h e r  gov- 
ernment agenc ies  a r e  a s s i s t i n g  t h e  National Science Foundation i n  t h e  
planning and execut ion of t h i s  program. 
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